A field experiment with split-split plot design (SSPD) was conducted to study the response of two winter wheat (Triticumaestivum L.) cultivars (viz. salt tolerant cultivar KRL-1-4 and salt non-tolerant cultivar HD-2894) under saline irrigation regimes with and without foliar potassium fertilization on growth and grain yield of wheat during rabi 2011-12 and 2012-13. Potassium in the ratio of K + : Na + (1: 10) was applied as foliar application during the heading stage of the crop. Results showed that the grain yield of KRL-1-4 and HD-2894 cultivars with foliar potassium fertilization at the heading stage increased by 6.5 to 22% and 3 to 15% during rabi 2011-2012, respectively under different saline irrigation regimes as compared to the control. Moreover, the results of rabi 2012-13 showed an increase in grain yield ranging from 4.5 to 20% for KRL-1-4 as compared to the control. Statistical analysis of grain yield parameter showed that the foliar potassium application in both varieties resulted in significant yield difference at 0.05 probability level as compared to the non-foliar application. Overall, it was observed that the foliar potassium fertilization increased the grain yield of both wheat cultivars, while the salt tolerant cultivar performed better than the salt non-tolerant cultivar under irrigated saline regimes.
INTRODUCTION
Wheat (Triticum asestivum, L.) is one of the major cereal crops cultivated to meet the food demand of the burgeoning population. The total wheat production in India during the year 2012-13 was 93.5 million tonnes (Anonymous, 2014) . Rapid increase in wheat consumption due to population growth is projected to outpace the domestic production. Besides this, the salinity of soil and ground water resource is posing a major problem for irrigated agriculture in many parts of the world. Excess amount of salt in the soil adversely affects the growth and development of plant. Nearly 20% of the world's cultivated area and about half of the world's irrigated lands are affected by salinity (Sattar et al., 2010) . Out of 328.73 million hectares (mha) geographical area of India, about 120.40 mha (37%) is affected by various kind of land degradation (Anonymous, 2014) . Development of salt tolerant cultivars is widely recognized as an effective way to overcome the limitations of crop production in a salinized area (Munns and James, 2003) . India is also facing problems of reduction in quantity of irrigation water coupled with poor water quality. One of the important reasons for decrease of crop yield is the degradation of irrigation water quality due to improper agricultural water man-ISSN : 0974-9411 (Print), 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.ansfoundation.org agement practices and over exploitation of available water resources. Salt-affected irrigated land in the world and in India is about 20% and 17% of total irrigated land, respectively (Ghassemi et al., 1995) . Moreover, 0.2-0.4% of the total arable land every year is going out of cultivation because of salinity and water logging problem (Jabeen and Ahmad, 2012) . Therefore, it is imperative to develop appropriate package and practices of raising different crops and water management technologies for enhancing productivity from irrigated saline environment to feed the ever increasing population. Wheat cultivation under irrigated saline environment requires judicious application of different nutrients besides agricultural water management. The growth and yield of wheat under the irrigated conditions is affected by soil-water-plantatmospheric parameters of the region. Therefore, field experiments assist in generation of primary data to investigate the effect of these parameters on yield of wheat crop. Khan et al. (2006) conducted experiments to evaluate the response of wheat to foliar application of N and K under rainfed conditions and observed that both KNO 3 and KCl used as foliar spray were equally effective in increasing wheat yield. Mesbah (2009) reported that foliar spraying of potassium in wheat has increased the grain yield, which could be attributable to the increased leaf area index and number of tillers. Sawan et al. (2009) reported that the foliar application of potassium fertilizer increased the seed yield of Egyptian cotton by 10.02 to16.26%. Hussein et al. (2010) conducted experiment in green house on sorghum and reported that application of P and K as foliar spray under 5000 ppm salinity could not mitigate the effect of salt stress on crop yield. Asgari et al. (2012) observed that different wheat cultivars exhibited varied response on the plant growth and grain yield under different K + : Na + ratio. Khan and Aziz (2013) observed that foliar application @ 300 mgL -1 of K was more effective in enhancing grain yield of wheat under saline environment. Sharma and Chaudhari (2012) reported that farmers' in the Northern region of India apply high doses of nitrogenous fertilizers and avoid application of recommended dose of potassium fertilizer, which not only causes imbalance in the nutrition and also affects the soil health. Therefore, it was recommended to conduct location specific research to study the effect of potassium application under irrigated saline environment. Keeping in view of the above findings and suggestions on enhancing productivity from irrigated saline environment, an experiment was undertaken to study the effect of foliar potassium application on two wheat cultivars (i.e. one salttolerant cultivar KRL-1-4 and the other salt nontolerant cultivar HD-2894) irrigated under varying saline irrigation regimes in the semi-arid region of New Delhi, India. (rabi 2012-2013) .
MATERIALS AND METHODS
ant (KRL-1-4) and V 2 as salt non-tolerant (HD 2894) wheat cultivar. The size of the main plot was 9m×5m and the spacing between two main plots was 3m. The spacing between two sub-plots was 1.5 m within the main plot. The wheat cultivars were sown with row to row spacing of 20 cm on December 8, 2011 and December 5, 2012 and harvested on April 20, 2012 and April 19, 2013 during rabi 2011 -12 and 2012 , respectively. Different levels of saline irrigation water was prepared artificially by mixing three different salts viz. NaCl, MgSO 4 , CaCl 2 in the ratio 2.5: 1.5: 1, respectively with the ground water available for irrigation in the farm. The saline water was prepared in the overhead tank and surface irrigation was applied through portable pipe line system laid in the entire experimental area. Potassium sulphate was used for foliar application in the experiment. Foliar potassium in the ratio of K + : Na + (1: 10) was applied during the heading stage of the crop for three consecutive days (i.e.18 th to 20 th February 2012 and 15 th to17 th February 2013 during rabi 2011-12 and rabi 2012-13, respectively). The quantity of foliar potassium fertilization applied was estimated based on K + : Na + (1: 10) ratio and the quantity of Na + supplied to different plots based on different levels of irrigation water salinity and its quantity (Zheng et al., 2010) . Data acquisition from the experiment: Physical and chemical properties of soil were analyzed by collecting soil samples before and after conduction of experiment each year. Initial soil salinity, potassium content, soil moisture content and salinity indifferent root zone depths (i.e. 0-15, 15-30, 30-45 and 45-90 cm) of wheat were estimated periodically during the experiment. Besides this, the plant height, LAI (leaf area index) acquired using plant canopy analyzer equipment, maximum rooting depth at different growth stages of the crop and grain and biomass yield after crop harvest was recorded for both years of experiment. Scheduling of irrigation in the experiment: Irrigation water was applied based on the concept of soil moisture deficit through application of measured quantity of irrigation water needed to bring the soil moisture content to the field capacity from the present moisture level and the root zone depth of crop on the date of irrigation. For this purpose, the moisture content of soil profile upto the root zone depth was measured periodically. The date of irrigation was decided based on the available moisture content of the soil root zone when it dropped to 50 % of the total available water (TAW). Quantity of irrigation water on volume basis applied to each treatment was estimated using the equation given below,
(1) Where, V(l): volume of water in litre; FC: field capacity (%); MC bi : moisture content before irrigation (%); BD: bulk density (gm/cc); RZD:root zone depth (m); PA:plot area (m 2 ) Statistical Analysis: The data was analysed using procglm module of SAS version 9.3software. The null hypothesis of equality of main-plot treatment effects, sub-plot treatment effects and sub-sub-plot treatment effects were tested for its significance using F-ratio obtained from analysis of variance (ANOVA) estimation. The critical difference (CD) for estimated treatment contrasts were worked out using standard statistical procedures as outlined in Dean and Voss (2001) . The difference between treatment means were compared with CD value and the treatments with higher effect over others were identified.
RESULTS AND DISCUSSION

LAI of wheat cultivars under different treatments:
Leaf Area Index (LAI) of wheat cultivars under varying salinity regimes and foliar and non-foliar fertilization levels at different crop growth stages were analyzed and presented in Fig. 4 . It was observed from Fig. 4 that the maximum LAI value for salt tolerant (KRL-1-4) cultivar showed minimal variation (i.e. 3% to 16%) from S 2 (4 dS/m) to S 4 (12 dS/m) salinity regimes as compared to the control (1.7 dS/m) under non -foliar treatment. Whereas, the maximum LAI of salt non-tolerant cultivar (HD-2894) showed significant variation ranging from 3.4% to 33% from S 2 (4 dS/m) to S 4 (12 dS/m) salinity level under non-foliar treatment. Moreover, the maximum LAI of KRL-1-4 culti- var treated with foliar potassium was found to be varying from 5.6% to 16% for S 2 (4 dS/m) to S 4 (12 dS/m) salinity regimes as compared to the control. Whereas, the maximum LAI of HD 2894 varied from 6% to 23% for S 2 to S 4 salinity regimes as compared to the control. However, it was also noticed that the maximum LAI of HD-2894 was less than the maximum LAI of KRL-1-4 at higher salinity levels of 8 and 12 dS/m. This may be attributed to the effect of salinity induced stress in the salt tolerant cultivar as compared to the salt nontolerant cultivar at these higher salinity levels. It was also observed that the LAI value of HD-2894 cultivar was considerably less at 8 and 12 dS/m salinity levels as compared to lower salinity levels of 1.7 and 4 dS/m. Whereas, the LAI of the same cultivar when treated with foliar potassium fertilization exhibited an increase in LAI with salinity levels of 8 and 12 dS/m. Therefore, it was revealed that the application of foliar potassium fertilizer might have minimized the salinity stress and resulted in higher LAI leading to higher grain and biomass yield at higher salinity levels as compared to the non-foliar treatment. Similar results were also reported by Zheng et al., 2010 in which the foliar application of K + resulted in higher LAI of both salt-tolerant and salt-non tolerant wheat cultivars. Grain yield of wheat cultivars under non-foliar and foliar potassium application: It was observed that the KRL-1-4 cultivar treated with foliar potassium doses resulted in the grain yield of 4.81, 4.62, 4.45 and 3.50 t/ha for the salinity levels of 1.7, 4, 8, 12 dS/m, respectively (Table 1) . Grain yield of KRL-1-4 without foliar potassium fertilization was found to be 4.52, 4.12, 3.65 and 3.15 t/ha under S 1 , S 2 , S 3 and S 4 salinity levels, respectively. Grain yield of HD-2894 cultivar for rabi 2011-12 treated with foliar potassium was found to be 5.1, 4.58, 3.53 and 2.34 t/ha at S 1 , S 2 , S 3 and S 4 salinity levels, respectively. The yield of same cultivar without foliar application of potassium fertilizer was observed to be 4.86, 4.25, 3.06 and 2.27t/ha for S 1 , S 2 , S 3 and S 4 salinity levels, respectively. Overall, the KRL-1-4 cultivar under foliar potassium treatment resulted in increase of grain yield by 6.5 to 22% as compared to the non-foliar treatments with irrigation water salinity ranging from 1.7 to 12dS/m. The increase in yield of wheat with foliar potassium fertilization over the nonfoliar application for the HD-2894 cultivar was found to vary from 3 to 15% for irrigation water salinity up to 12dS/m. Moreover, under the same treatment combinations, the grain yield of both cultivars under irrigated saline regimes for rabi 2012-13 are presented in Table 2 . It was observed from Table 2 that the grain yield of KRL-1-4 treated with foliar potassium fertilization was found to be 5.08, 4.93, 4.41 and 3.11 t/ha at 1.7, 4, 8, 12 dS/m, respectively. The grain yield of the same cultivar without foliar potassium application was found to be 4.86, 4.42, 3.68 and 2.85 t/ha at S 1 , S 2 , S 3 and S 4 salinity levels, respectively. The grain yield of HD-2894 treated with foliar potassium was 5.22, 4.91, 3.55 and 2.08 t/ha at S 1 , S 2 , S 3 and S 4 salinity levels, respectively. The grain yield of the same cultivar without foliar spray was observed to be 5.11, 4.51, 3.12 and 1.94 at S 1 , S 2 , S 3 and S 4 salinity levels, respectively. Nonetheless, the foliar potassium fertilization resulted in enhancing the grain yield of KRL-1-4 cultivar by 4.5% to 20% as compared to the control under all salinity levels. Whereas, for the HD-2894 cultivar, the increased yield due to foliar potassium fertilization varied from 2 to 14% as compared to the non-foliar Overall, it was observed that the grain yield of both cultivars showed increase in the grain yield due to foliar potassium application. However, the effect of salinity on yield reduction of salt non-tolerant cultivar was more pronounced at salinity levels of 4 dS/m and above. Also, the percent increase of grain yield due to foliar potassium at salinity level of 4 and 8 dS/m was observed to be higher than that at salinity regimes of 1.7 and 12 dS/m. Moreover, the salt non-tolerant wheat cultivar (HD-2894) exhibited higher grain yield than the salt tolerant wheat cultivar (KRL-1-4) at lower salinity level of 1.7 dS/m. However, at higher salinity levels (i.e. 8 to 12 dS/m), the KRL-1-4 cultivar produced more grain yield than the HD-2894 cultivar under both foliar and non-foliar potassium fertilizer application. These findings are in line with the results reported by Khan et al. (2006) , Mesbah (2009 ), Zheng et al., 2010 , Ashraf et al. (2013 , Khan and Aziz (2013) in which the foliar potassium fertilization in pot and field experiments at specific crop growth stages resulted in higher grain yield of wheat. Statistical analysis of wheat yield under different treatment levels: Analysis of variance (ANOVA) under split-split plot design (SSPD) for the grain yield of wheat for both the years (i.e. rabi season of 2011-12 and 2012-13) considering year as an additional factor beside other main factors (viz., Salinity, foliar and cultivars) is presented in Table 3 . Among the main effects, the effects of salinity, foliar application and cultivars on the grain yield of wheat were found to be significant at 0.01 probability level. Further, the interaction effects of year and salinity and salinity and variety on grain yield were found to be significant at 5% and 1% level of significance, respectively. However, the interaction effect of salinity and foliar application was found to be significant at 10% level of significance as shown in the rate year-wise analysis of data was also undertaken and the difference in mean grain yield of different treatment and their interactions were analyzed seasonally. ANOVA of the grain yield under the split-split plot design for both the seasons with mean sum of square, F-ratio and p-value are presented in Table 4 . The main effects of salinity, foliar application, variety and interaction effect of salinity and variety were found to be significant at 0.01 probability level for both seasons. Further, the main effects and interaction effects which were found significant at 0.01 probability level were analyzed to determine the significant difference in treatment means and their interactions based on the CD (critical difference) values. Analysis of significant difference between means of treatment effects and their interactions for the rabi season 2011-2012 is presented in Table 5 . The differences in salinity means at different levels viz. 1.7 dS/m, 4 dS/m, 8 dS/m, 12 dS/m, respectively were found to be significant at 0.01 probability level. It was found that keeping other factors constant, all four levels of salinity have significantly decreased the grain yield of both wheat cultivars. Foliar and non-foliar potassium treatment means were found to be significantly different from each other. It was observed that there was significant effect of foliar potassium application on the grain yield of both wheat cultivars.
It was observed that both wheat cultivars have resulted in varying grain yields under different regime of saline irrigation and the foliar potassium treatments. The salinity and variety interaction effects were also studied and presented in Table 5 . The difference in variety means at the same level of salinity for the year rabi 2011-2012 was analyzed. The difference in variety means at S 1 and S 2 levels of salinity did not exhibit significant difference. Whereas, the difference in variety means was found to be significant at S 3 and S 4 salinity regimes. The difference in salinity means at the same or different cultivar levels for rabi 2011-2012 was also analyzed and shown in Table 5 . The differences among the means of salinity levels S 1 , S 2 and S 3 for variety V 1 did not exhibit significant difference but mean differences between S 1 , S 2 and S 3 with respect to S 4 was significantly different. However, for wheat cultivar V 2 , the differences in mean grain yield under all four salinity regimes (i.e. S 1 , S 2 , S 3 and S 4 ) levels were found to be significant at 1% level of significance (Table 5) Moreover, similar analysis for the second year (i.e. rabi 2012-2013) data was also undertaken to evaluate the significant differences in means of main effects and interaction effects. Results of statistical analysis are presented in Table 6 . Analysis of main factor and interaction effects pertaining to second year data (i.e. rabi 2012-13) were found to be in line with that of the first year data (i.e. rabi 2011-12) with an exception that there existed a significant difference between the means of salinity levels (S 1 , S 2 ) as compared to salinity levels (S 3 , S 4 ) for varieties V 1 and V 2 (Table 6) . Harvest index (HI) of wheat cultivars under different treatment levels: Harvest index (HI) of wheat cultivars were found to decrease with increase in the irrigation water salinity level from S 1 (1.7 dS/m) to S 4 (12 dS/m) under both foliar and non-foliar treatments. Analysis of data for rabi [2012] [2013] showed that the harvest index of KRL-1-4 cultivar treated with foliar potassium fertilization varied from 42.5 to 31.7 % for salinity levels ranging from S 1 to S 4 . The harvest index of the same cultivar without foliar potassium application varied from 41.9 to 30.6 % for saline irrigation water regimes of S 1 to S 4 . The HI of salt non-tolerant cultivar HD-2894 treated with foliar potassium fertilization varied from 43.7 to 29.4 % at salinity levels from S 1 to S 4 , respectively. The HI of same cultivar without foliar potassium fertilization varied from 42.3 to 26.4% at salinity levels from S 1 to S 4 (Table 7) .
Overall, it was estimated that the harvest index due to foliar potassium fertilization over non-foliar was found to increase by 0.6%, 1.9%, 1.9%, and 1.1% for salt tolerant wheat cultivar KRL-1-4 at S 1 , S 2 , S 3 and S 4 salinity levels, respectively. Whereas, for salt nontolerant wheat cultivar HD 2894 the increase of HI due to foliar potassium fertilization was 1.4%, 1.5%, 1% and 3% at S 1 , S 2 , S 3 and S 4 salinity levels, respectively. Overall, it was observed that the foliar potassium application resulted in increase of HI resulting in better grain yield of both wheat cultivars under irrigated saline regimes.
Conclusion
Crop growth and yield is significantly affected under the irrigated saline environment. Experimental results in this study showed that the yield of salt tolerant and salt non-tolerant wheat cultivars were affected at higher salinity levels. Moreover, in an effort to enhance productivity from the irrigated saline environment, the present study on use of foliar potassium fertilization technology at the heading stage of the crop showed that the yield of both salt tolerant and salt nontolerant wheat cultivars can be increased upto 22% and 15%, respectively under irrigation water salinity levels ranging from 4 to 12 dS/m. Statistical analysis showed that the foliar potassium application resulted in significant yield difference of both varieties (i.e. KRL-1-4 and HD 2894) as compared to non-foliar application. It can be recommended to take up salt tolerant wheat cultivars besides the foliar potassium fertilization at heading stage of crop to enhance the grain yield in the regions affected by salinity problems. However, such study need to be undertaken in farmers field having saline ground water and saline soil to ascertain the results of foliar potassium fertilization in enhancing the grain yield of wheat as reported in this study.
